The extracts obtained by 80% EtOH from some Asteraceae plants (Calendula officinalis, Inula helenium, Arctium lappa, Artemisia absinthium and Achillea millefolium) were studied. Rosmarinic acid, one of the main compounds identified in all extracts, was determined quantitatively by using HPLC. In addition, spectrophotometric methods were evaluated as an alternative for rosmarinic acid content determination. Total phenolic content was also established for all extracts. A. millefolium extract was found to have the highest content of rosmarinic acid as well as total phenols. All extracts were tested for antioxidant and acetylcholinesterase inhibitory activity. A. millefolium was shown to possess the best antioxidant activity (for all tested methods) as well as acetylcholinesterase inhibitory activity. Highly positive linear relationships were obtained between antioxidant/acetylcholinesterase inhibitory activity and the determined rosmarinic acid content indicating its significance for the observed activities.
People have used herbs and spices since earliest times, and even today scientists, industries and the general public recognize their value as a source of biologically active compounds. There is increasing evidence to suggest that many neurological disorders, cancer and other disorders could be a result of cellular damage caused by free radicals. In this way antioxidants present in human diet may play an important role in prevention of such diseases. As a potential source of bioactive compounds, herbs offer a promising strategy for the treatment of various neurological disorders such as Alzheimer's disease, which has been responsible for more than 50% of diseases among persons over the age of 65 years [1] .
The Asteraceae is the largest family of flowering plants, with over 900 genera and 14 000 species. Many members of the Asteraceae have been cultivated for more than 3000 years as edible plants, vegetables, culinary and/or medicinal plants [2a,b] . Carpinella et al. investigated 73 native and naturalized plants collected from the central region of Argentina, among which Asteraceae plants, Achyrocline tomentosa, Eupatorium viscidum and Trichocline reptans, were found to have the highest inhibition of acetylcholinesterase (AChE) [3] . Many studies carried out showed that positive biological activity (antioxidant, antimicrobial, antiacetylcholinesterase) of herb extracts is strongly connected with the presence of phenolic compounds [4a-h] .
According to present findings phenolics from the group of flavonoids (mostly quercetin and its glycosides), hydroxycinnamate and sesquiterpene lactones are common to the Asteraceae family [5a,b] . Rosmarinic acid, the ester of caffeic acid and 3-(3,4dihydroxyphenyl)lactic acid, is one of the most abundant natural phenolics occurring in plants. A multitude of biological activities for this compound have already been proved and described [6a-d] .
Although the presence of numerous caffeic acid derivatives (caffeoylquinic acids) in Asteraceae species is well documented [2b,5b], the rosmarinic acid content, as far as we know, has not yet been investigated. Thus the objectives of this study were to determine the total phenolic (TP) content and the content of rosmarinic acid (RA), as well as to determine and compare their antioxidant properties and acetylcholinesterase inhibitory activity.
Five Asteraceae plants, Calendula officinalis L., Inula helenium L., Arctium lappa L., Artemisia absinthium L., and Achillea millefolium L., have been chosen for this study. The Folin-Ciocalteu assay was used to determine TP content. As shown in Figure 1 , the TP in the NPC Natural Product Communications The contents of RA, one of the main compounds, in EtOH extracts determined by HPLC ranged from 86 to 633 mg/L (Figure 1 ). In addition, two alternative spectrophotometric methods (complexation and direct UV) were evaluated. Concentrations determined by spectrophotometric methods were significantly higher, and ranged from 294 to 2,964 mg RAE/L for the complexation method, and from 92 to 2,485 mg RAE/L for the direct UV method. For example, the content of RA determined in A. millefolium extract was 4-times higher for both spectrophotometric assays in comparison with the HPLC results.
The complexation method used for determination of RA in plant extracts was based on the UV-Vis absorbance of the complex formed between RA and Zr 4+ ions, giving a maximum absorbance at 362 nm [6c]. The disadvantage of this method is the small selectivity between different phenolics that are also able to chelate metal ions, which can explain the extremely high results obtained for the RA content ( Figure 1 ). Ondrejovič et al. have also reported higher results for RA when using this method [6d]. The direct UV method for RA content determination was based on direct measurements of extracts from the UV spectrum. This method could also be giving higher results for RA content due to the presence of other compounds which may absorb at 327 nm. Very significant correlation between the results of this and previous method was obtained (r = 0.9592; p = 0.0098).
In spite of high differences for RA content determined using all three methods, very significant positive linear correlation was found between the contents of RA determined by the HPLC and direct UV methods (r = 0.9783; p = 0.0038), as well as the complexation method (r = 0.9808; p = 0.0032). Regardless of the method used, the highest RA content was detected in A. millefolium extract, and the lowest in I. helenium extract. Very significant linear correlation was found between the contents of RA determined by all three methods and TP values (p < 0.05).
In order to make conclusions about the antioxidant properties of a natural plant extract, a multiple-method approach is necessary [4b-d,7] . For this, the ferric reducing antioxidant power (FRAP), reducing iron (III) to iron (II), and Briggs-Rauscher oscillating reactions were used (Table 1 ). The FRAP values of the investigated plant extracts ranged from 1,677 to 11,977 mg RAE/L. The reducing capacity of the Asteraceae plant extracts, assessed using the ferric to ferrous reductive activity assay, ranged from 3,714 to 11,715 mg RAE/L. Highly positive linear relationships obtained between antioxidant methods based on the reduction {FRAP, reduction of iron (III) to iron (II)} and RA content showed that RA in the tested plant extracts contributed significantly to their reducing capacity.
The results obtained using the Briggs-Rauscher oscillating method, based on mixed reduction and radical mechanism, ranged from 0 to 2,413 sec. The results for Briggs-Rauscher correlate with those for RA contents, as well as with the results for TP (r = 0.9433; p = 0.0161), FRAP (r = 0.9524; p = 0.0124) and reducing ability (r = 0.8825; p = 0.0475).
All methods used confirm that the lowest antioxidant activity was exhibited by I. helenium extracts and the highest by A. millefolium extract.
The obtained extracts of Asteraceae plants were also tested for AChE inhibitory effect (Figure 2) . A. millefoilum and A. absinthium extracts with the highest TP and RA content had the highest AChE inhibitory activity. The contribution of TP and RA contents to AChE inhibitory activity was investigated and very significant and significant correlations were found between the TP as well as RA content and AChE activity (r = 0.9691; p = 0.0065; r = 0.9087; p = 0.0326, respectively). The results of this study confirmed that all the investigated Asteraceae plant extracts contain rosmarinic acid in relatively high concentrations. Analysis of the plant extracts showed biological potential focusing on rosmarinic acid as one of their main compounds. The results of this investigation opens new possibilities of using these already well-known Asteraceae medicinal plants in the pharmaceutical and food industry as a source of biologically active ingredients.
Experimental
General: All organic solvents and reagents used were of adequate analytical grade. RA was purchased from Sigma-Aldrich GmbH (Steinheim, Germany). Spectrophotometric measurements were performed on a Perkin-Elmer Lambda EZ 201 UV-Vis spectrometer, while high-performance liquid chromatography (HPLC) measurements were performed on a HP 1090 Series II, equipped with an UV/VIS photodiode array detector (Agilent Technologies, Palo Alto, USA) and Nucleosil 100-C18 column (5 μm, 250 × 4.0 mm) (Macherey-Nagel, Germany). with 25 mL of EtOH/H 2 O (4/1, v/v). For the isolation of the biologically active constituents, ultrasonic bath-assisted extraction was used for 1 h. The samples were then filtered and centrifuged at 4000 rpm for 5 min. Each extraction was made in duplicate; the obtained extracts were combined and used for further measurements.
Plant material and sample preparation:
Spectrophotometric assay of rosmarinic acid: RA content in plant extracts was evaluated by two photometric methods, the first based on the UV-Vis absorbance of the complex formed between RA with Zr 4+ ions, which causes an increase in sample absorbance at 362 nm, while the other is based on UV absorbance of the acid at 327 nm [6c,d] .
HPLC assay of rosmarinic acid:
The RA was separated on a Nucleosil 100-C18 column using solvent A (H 2 O/HAc, 98/2, v/v) and solvent B (MeCN/HAc, 98/2, v/v) and with the following gradient program: 0 min 98% A and 2% B; 3 min 98% A and 2% B, 25 min 15% A and 70% B, 35 min 20% A and 80% B, 40 min 98% A and 2% B. The flow rate was set to 1.0 mL/min, while the signal was monitored at 280 nm. The identity of the RA was confirmed by its spectral characteristics and retention time compared with a standard, and was quantified based on an external standard calibration curve.
Antioxidant activity:
For the antioxidant activity evaluation four methods were used: Folin-Ciocalteu, iron (III) to iron (II), ferric reducing antioxidant power (FRAP) and Briggs-Rauscher.
Folin-Ciocalteu assay:
The method used was that described by Amerine and Ough [8] . This assay was also used for total phenol determination. Quantification was based on a standard curve with RA, and results are expressed as mg of rosmarinic acid equivalents (RAE) per L of extract.
FRAP assay:
The original method of Benzie and Strain was used [9] . A standard curve was prepared with RA and the results were expressed as mg RAE/l.
Iron (III) to iron (II) assay:
The reducing capacity of the samples was evaluated according to the method of Dorman et al. where the reduction of ferric (Fe 3+ ) to ferrous ions (Fe 2+ ) was determined by measuring absorbance of the formed Perl's Prussian blue complex at 700 nm [10a,b] . The results are expressed as mg RAE/L.
Briggs-Rauscher assay:
The antioxidant activity was determined through the inhibition of the Briggs-Rauscher oscillating reaction. The original procedure [11] was slightly modified [4d]. Ten-fold higher volumes were used and the oscillation appearance was recorded visually. The antioxidant efficiency of plant extracts was expressed as the inhibition time, in sec, and compared with a standard curve obtained using different concentrations of RA. Reactants were mixed in a cuvette and the reaction was initialized by adding 50 μL of acetylthiocholine iodide (ATChI), at a final concentration of 0.5 mM. As a negative control, EtOH was used instead of sample solution, and as a positive control, tacrine was used. Also, non-enzymatic hydrolysis was monitored by measurement of 2 blank runs for each run. In short, in the first blank mixture AChE was replaced by an equivalent buffer amount and in the second blank mixture ATChI was replaced by an equivalent buffer amount. All measurements were made spectrophotometrically at 412 nm and room temperature for a 6 min period. The percentage of inhibition of AChE was determined by comparison of the rates of reaction of the samples relative to the blank (EtOH in phosphate buffer, pH 8) using formula ((E-BE)-(S-BS))/(E-BE)x100, where E is the activity of enzyme without test sample, and S is the activity of enzyme with test sample. BE and BS are blank runs for E and S, respectively.
Acetylcholinesterase inhibitory activity: Acetylcholinesterase

Statistical analysis:
Assays were carried out in triplicate and results are expressed as mean ± standard deviation (SD). Data were analyzed using GraphPad Prism version 4.03 for Windows (GraphPad Software, San Diego, CA, USA). Pearson's correlation coefficient was used to determine the correlation between the variables, and p values < 0.05 were regarded as statistically significant.
